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(54) [TITLE OF THE INVENTION] THICKNESS MEASURING 
METHOD OF LIQUID CRYSTAL CELL 
(57) [ABSTRACT] 

[PURPOSE] The present invention has the purpose of obtaining a 
liquid crystal cell thickness measuring method enabling correct 
measurement of a gap. 

[CONSTITUTION] A pair of glass substrates 10 having transparent 
electrodes 40 on their inner surfaces is bonded by a sealing 
material 50; at the same time, a liquid crystal 60 of positive 
dielectric anisotropy is injected between the pair glass substrates 
10; and when the gap of the liquid crystal cell is measured, a high 
voltage not smaller than 50 times the threshold voltage or a high 
[magnetic field not smaller than 50 times the threshold magnetic 
field is applied to the liquid crystal cell. 
[CLAIMS] 

[CLAIM l] A liquid crystal cell thickness measuring method, 
wherein a pair of glass substrates having transparent electrodes on 
their inner surfaces is bonded by a sealing material; a liquid 
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crystal of positive dielectric anisotropy is injected between the pair 
glass substrates; and when a gap of the liquid crystal cell is 
measured, a high voltage not smaller than 50 times a threshold 
voltage or a high magnetic field not smaller than 50 times a 
threshold magnetic field is applied to the liquid crystal cell. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICABILITY] This invention relates to a liquid 
crystal cell thickness measuring method for a liquid crystal display 
cell. 
[0002] 

[PRIOR ART] In the prior art liquid crystal cell structure, as shown 
in Figure 3, a pair of glass substrates 1 is bonded by a sealing 
material 2; a liquid crystal 3 is injected between the pair glass 
substrates 11 a detector 5 is provided above the cell; and a 
reflection measuring light 4b and a transmittance measuring light 
4a are applied from the top side and the bottom side, respectively. 
[0003] In the case where the cell thickness after the injection of the 
liquid crystal 3 is measured by using optical interferometry, when 
the measuring lights 4a and 4b contain polarization, the direction 
of the liquid crystal cell with regard to the polarization is 
determined, and the transmitted light spectrum is measured to find 
the optical path difference of the liquid crystal cell. The optical 
path difference is divided by the refractive index of the liquid 
crystal corresponding to the polarization direction so as to find the 
cell thickness. 

[0004] In a cell with, for example, homogeneous orientation (refer 
to Figure 4), when the main axis direction of the liquid crystal 
molecules 3a is parallel with the polarization direction between the 
glass substrates 1, the above-mentioned refractive index indicates 
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the refractive index of the liquid crystal molecules 3a against 
abnormal light. On the other hand, when the main axis direction 
of the liquid crystal molecules 3a is orthogonal to the polarization 
direction between the glass substrates 1, it indicates the refractive 
index against normal light. 
[0005] 

[PROBLEMS THE INVENTION IS GOING TO SOLVE] In a cell 
having homogeneous orientation, the refractive index of the cell 
can be defined by determining the direction of the main axis; 
however, in the case of a TN cell (refer to Figure 5) or a STN cell 
(refer to Figure 6), since the spatial distribution of the main axis 
direction of the liquid crystal molecules changes (twist and tilt) 
successively, even if the liquid crystal orientation direction on the 
substrate interface with regard to the measuring polarization is 
known, the value of the refractive index of the cell cannot be define 
easily. 

[0006] Thus, the prior art liquid crystal cell thickness measuring 
method has the serious problem that although the optical path 
difference can be measured, the value of the gap cannot be 
calculated. 

[0007] A cell having single axis orientation suffers from a similar 

problem when it has a pre-tilt angle 0 (refer to Figure 7). 

[0008] The present invention has been contrived in view of the 

above-mentioned prior art problems, and has the purpose of 

providing a liquid crystal cell thickness measuring method 

enabling correct measurement of the gap. 

[0009] 

[MEANS TO SOLVE THE PROBLEMS] In order to achieve the 
above-mentioned object, in the liquid crystal cell thickness 
measuring method of the present invention, a pair of glass 
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substrates having transparent electrodes on their inner surfaces is 
bonded by a sealing material; a liquid crystal of positive dielectric 
anisotropy is injected between the pair glass substrates; and when 
the gap of the liquid crystal cell is measured, a high voltage not 
smaller than 50 times the threshold voltage or a high magnetic 
field not smaller than 50 times the threshold magnetic field is 
applied to the liquid crystal cell. 
[0010] 

[ACTION] Since the measurement of the gap is done while a high 
voltage is being applied to the liquid crystal cell, the refraction 
index of the liquid crystal cell can be defined. Consequently, 
correct measurement of the gap can be done in such modes as TN, 
STN, pre-tilt orientation cell, etc. 
[0011] 

[EMBODIMENT] The present invention makes use of the property 
of liquid crystal that when an electric field is applied on a liquid 
crystal of positive dielectric anisotropy, the liquid crystal molecules 
are aligned in the electric field direction, and shows a method for 
measuring the gap of the liquid crystal cell in which the liquid 
crystal molecules are in horizontal or pre-tilt orientation 
(regardless of the presence or absence of twist orientation) with the 
use of a liquid crystal of positive dielectric anisotropy. 
[0012] The embodiment will be described with reference to Figures 
1 and 2. A pair of glass substrates 10 has transparent electrodes 
40 on their inner surfaces, and the pair glass substrates 10 are 
bonded with each other by a sealing material 50, and a liquid 
crystal 60 of positive dielectric anisotropy is injected between the 
pair glass substrates 10. 

[0013] In addition, a detector 80 is disposed above the cell, and an 
alternating voltage 90 is disposed on the transparent electrodes 40 
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to be applied thereon. 

[0014] Furthermore, a reflection measuring light 70b and a 
transmittance measuring light 70a are applied from the top side 
and the bottom side, respectively. 

[0015] A. By the way, as shown in Figure 2, when a high electric 
field is applied to the transparent electrodes 40, almost all of the 
liquid crystal molecules 20 inside the liquid crystal cell are 
realigned in the electric field direction, that is, in the direction of 
the normal to the glass substrates 10. Thus, when the electric 
field is weak, the liquid crystal molecules 20 in the vicinity of the 
substrate interface are aligned in the direction close to the initial 
alignment due to the anchoring force of the interface. On the 
other hand, when the electric field is powerful, the thickness 30 of 
this part becomes as thin as to be ignorable as compared with the 
cell thickness. 

[0016] Therefore, in order to meet the above-described 
requirements, a high voltage not smaller than 50 times the 
threshold voltage or a high magnetic field not smaller than 50 
times the threshold magnetic field is applied to the liquid crystal 
cell. 

[0017] B. Next, under the same conditions as A, the cell thickness is 
measured in the same manner as the prior art method so as to 
determine the optical path difference. 

[0018] C. Under the conditions of A, the refractive index of the 
liquid crystal cell becomes the refractive index of the normal light 
direction of the liquid crystal whichever direction polarized 
incident light comes from as long as it is in the vertical direction of 
the cell. Therefore, the optical path difference obtained at B can 
be divided by this value to find the thickness of the liquid crystal 
cell. 
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[0019] In a cell having vertical orientation, this method is effective 
as long as the dielectric anisotropy of the liquid crystal 60 is 
positive. 
[0020] 

[EFFECTS OF THE INVENTION] The present invention can be 
constituted and the refractive index of the liquid crystal cell can be 
defined as described above. As a result, correct measurement of 
the gap can be done even in a mode where the cell gap measurement 
is difficult such as TN, STN, or pre-tilt orientation cell. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIGURE l] A schematic diagram of the measuring method of the 
present invention. 

[FIGURE 2] A diagram explaining the arrangement state of the 
liquid crystal of the present invention. 

[FIGURE 3] A schematic diagram of the prior art measuring 
method. 

[FIGURE 4] A diagram explaining the molecular arrangement of a 
homogeneous orientation cell. 

[FIGURE 5] A diagram explaining the molecular arrangement of a 
TN cell. 

[FIGURE 6] A diagram explaining the molecular arrangement of a 
STN cell. 

[FIGURE 7] A diagram explaining the molecular arrangement of a 
pre-tilt angle cell. 

[EXPLANATION OF THE REFERENCE NUMBERS] 

10 glass substrates 

20 liquid crystal molecules 

40 transparent electrodes 

50 sealing material 

60 liquid crystal 
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70a measuring light (reflection) 
70b measuring light (transmittance) 
80 detector 



7 



134 P 1578 



.lUF ( 



(54) THICKNESS MEASURING 
(11) 5-71924 (A) (43) 23.3. 

(21) Appl. No. 3-258593 (22) 9.9.1991 
(71) STANLEY ELECTRIC CO LTD 
(51) Int. CP. G01B11/06,G02F1/1339 



[OD OF LIQUID CRYSTAL CELL 

(19) JP 



(72) TAKASHI SUGIYAMA 



PURPOSE: To obtain a liquid crystal cell thickness measuring method enabling 
correct measurement of a gap. 

CONSTITUTION: A pair of glass substrates 10 having transparent electrodes 
40 thereinside are bonded by a sealing material 50. At the same time, a liquid 
crystal of positive dielectric anisotropy is injected between the glass substrates 
10. When a gap of the liquid crystal cell is measured, a high voltage not smaller 
than 50 times the threshold voltage or a high magnetic field not smaller than 
50 times the threshold magnetic field is applied to the liquid crystal cell. 
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(54) THICKNESS MEASURING APPARATUS OF SILICON PLATE 

(11) 5-71925 (A) (43) 23.3.1993 (19) JP 

(21) Appi. No. 3-233384 (22) 12.9.1991 

(71) SEIKO EPSON CORP (72) TOSHIHIRO SAITO 

(51) Int. CP. G01B11/06 



PURPOSE: To obtain an inexpensive apparatus which can measure the thickness 
of a silicon plate accurately even when the silicon plate is wet or when the 
surface is rough in a selective manner of a minute area and a large area. 

CONSTITUTION: A light source is arranged at one side of a silicon plate 4 to 
be measured, and a photosensor 9 is set at the other side of the silicon plate 
4, confronting the light source. The light passing through the silicon plate 4 
is detected by the photosensor, and the thickness of the silicon plate 4 is 
predicted from the value of the amount of light 
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(54) THICKNESS-MEASURING SYSTEM 
(11) 5-71926 (A) (43) 23.3.1993 (19) JP 

(21) Appl. No. 3-263166 (22) 13.9.1991 

(71) MITSUBISHI ELECTRIC CORP (72) IHEI SUGIMOTO 
(51) Int. CP. G01B11/06 



PURPOSE: To obtain a thickness-measuring system which enables an error to. 
reduce and at the same time can be realized by a simple configuration and 
an inexpensive device by constituting the device with a simple drive device. 

CONSTITUTION: A title item is provided with two television cameras la and 
lb which are positioned oppositely so that a focus is formed on a same plane 
a-b and an arm 5 whose position is adjusted so that the television cameras 
la and lb are vertical for the plane a-b. A device 4 to be measured is positioned 
so that one plane of the device 4 to be measured coincides with a surface of 
the plane a-b and the television cameras la and lb are moved in thickness 
direction of the device 4 to be measured with the plane a-b as an origin. A 
traveling distance d2 until the focus of one television camera la which is 
positioned at a side of this traveling coincides with the other surface of the 
device 4 to be measured is obtained a thickness of the device 4 to be measured. 
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